The purpose of this paper is to present the new version of GEMINI-E3, which is the fifth and incorporates significant changes from the previous version in particular with respect to its size and its modularity. GEMINI-E3 is a Computable General Equilibrium Model and represents now a family of models of different specifications and with several successive versions. It retains many specifications that are common to CGE models but also some specific features, mainly concerning the measurement and analysis of the welfare cost of policies and the great detail in the representation of taxation and social security contributions. The paper gives a detailed presentation of the model, its main blocks and equations, and shows how it can be adapted to specific contexts. In particular a new version is being developed jointly with the standard one, taking into account the constraints of the European Monetary Union and the unbalances in the labor markets of industrialized countries (GEMINI-EMU). This clearly shows that CGE models, beside their main virtue that is total consistency at the domestic and at the world levels, are very flexible in their specification.
Energy Agency. The team now benefits from a nearly 15 years experience in CGE modeling, associated with a close collaboration with the main research teams working in the field of climate change policy and with a participation to the political debate on this topic. The new version, which is the fifth, has been developed with the collaboration of the Swiss Federal Institute of Technology (Lausanne). GEMINI-E3 is presently a family of general equilibrium models, all of them multi-sector and dynamic, but some multi-country and some purely domestic or aimed at domestic policy assessment purposes. 1 The original version of the multi-country model is fully described in Bernard and Vielle (1998) . Several successive versions have been developed, with an increasing number of countries/regions (from 3 to 28) and an increasing number of sectors (from 8 to 18). A more detailed representation of countries and sectors was required by new types of appraisal, from very global ones such as the Kyoto Protocol to more precise ones such as the European Trading System implemented from the start of 2005. More precisely, the main and successive uses of the model have been directed toward:
• analyzing the implementation of economic instruments for greenhouse gases (GHG) emissions in a second-best setting (Bernard and Vielle 2000b ); • assessing the strategic allocation of greenhouse gases emission allowances in the EU-wide market (Bernard et al. 2005b ); • assessing and comparing regional welfare costs associated with alternative multi-gas strategies for a stabilization of global greenhouse gases emissions in the long run (Bernard et al. 2006 ); • analyzing the behavior of Russia in the Kyoto Protocol );
• assessing the economic impact of the US withdrawal from the Kyoto Protocol (Bernard and Vielle 2002 ); • analyzing the French Climate policy formulated under the Kyoto Protocol (Bernard and Vielle 1999a,b ); • assessing the economic impact of a French nuclear moratorium with respect to the Kyoto Protocol (Bernard and Vielle 2000a ); • assessing the cost of the Kyoto Protocol for Switzerland with and without international emissions trading (Bernard et al. 2005a ); • assessing the double dividend hypothesis of climate change policy, with due consideration to preexisting tax distortions in factor markets for the Swiss economy (Bernard et al. 2004 ); • assessing the effects of the increase of oil prices on global and regional GHG emissions (Vielle and Viguier 2007) .
A clearer focus put on European climate change policies raised the question of the representation of the European Monetary Union, linking most of the members of the European Union, and of the way of taking into account the constraints of the single currency and the spill-over effects of domestic policies. Effectively, as long as the policies were roughly similar among European countries, which means that they also responded in a similar way, there was no need to take explicitly into account the mechanisms of the monetary union. This is not anymore the case when purely domestic policies or significantly differing policies are contemplated. This is the reason why a new version of the model, GEMINI-EMU, has been developed along these lines. The two versions have most in common and the following technical description, specific to GEMINI-E3, is also largely valid for GEMINI-EMU. Differences between the two models will be presented in Sect. 5: though they may appear very limited, they have sweeping effects on policy implementation and efficiency. As for numerical specification and resolution, the present version of GEMINI-E3 (and GEMINI-EMU) is formulated as a mixed complementarity problem using GAMS with the PATH solver (Ferris and Munson 2000; Ferris and Pang 1997) .
Structure of the model
As most CGE models, GEMINI-E3 simulates all relevant markets, domestic and international, considered as perfectly competitive, which implies that the corresponding prices are flexible: markets for commodities (through relative prices), for labor (through wages), for domestic and international savings (through rates of interest and exchange rates 2 ). Time periods are linked in the model through endogenous real rates of interest determined through the balancing of savings and investment. National and regional models are linked by endogenous real exchange rates resulting from constraints on foreign trade deficits or surpluses. There is one notable-and usual-exception to this general assumption of perfect competition, which concerns foreign trade. Goods of the same sector produced by the different countries are not supposed to be perfectly competitive. They are considered as economically different goods, more or less substitutable according to an elasticity of substitution known as Armington's (Armington assumption 1969) . A high value means a high degree of competition in the world market, a low value a small degree of competition. This assumption is justified by the high level of aggregation in the nomenclature of goods: agricultural production in developed countries has little in common with agricultural production in developing countries, and significant differences also exist among developed countries and among developing countries. It is also inescapable because, without this assumption, the countries would specialize, each in one sector or a very limited number of sectors. 3 This treatment of foreign trade will be detailed further below. Compared to other CGE models, GEMINI-E3 has two main specificities:
• a comprehensive and detailed representation of indirect taxation. Indirect taxation and social contributions rates are differentiated by commodity (taxes on production, on imports), by sector (social contributions, subsidies), by sector × commodity (intermediate consumption), by commodity × institutional sector (final demand), and by commodity × sector × IS (investment); • the focus put on the measurement of the welfare cost of policies, and its analysis by main components, either domestic or international ("imported"). Methodology of welfare measurement will be detailed in Sect. 4.
Time periods are linked in the model through endogenous real rates of interest determined by equilibrium between savings and investment. National and regional models are linked by endogenous real exchange rates resulting from constraints on foreign trade deficits or surpluses. Table 1 gives an overall description and the main characteristics of the model. The main outputs of the GEMINI-E3 model are by country and annually: carbon taxes, marginal abatement costs and prices of tradable permits (when relevant), effective abatement of CO 2 emissions, net sales of tradable permits (when relevant), total net welfare loss and components (net loss from terms of trade, pure deadweight loss of taxation, net purchases of tradable permits when relevant), macro-economic aggregates (e.g. production, imports and final demand), real exchange rates and real interest rates, and data at the industrylevel (e.g. change in production and in factors of production, prices of goods).
The nomenclature that has been chosen allows to individualize the main economic countries/regions and GHG emitters. Table 2 gives for the countries and the regions represented in the model their shares in the world population and the world GDP, and in the global GHG emissions. Except the two biggest economies (US and Japan) and the two highest emitters (US and China), no country or region has a bigger than 10% share either in the world economy or in the GHG emissions.
Total demand
For each sector the model computes total demand (Y ir ) as the sum of final demand (investment (IV ir ), consumption (HC ir and GC ir ), exports (EX ir )) and intermediate consumption by all sectors (IC ikr ):
where i, r, and k stand for sector, region, and product respectively. 
where σ x ir , α x ir and λ x ir represent the CES parameters, respectively the elasticity of substitution, the share parameter and the technology shifter and PY ir the price of composite good, PI ir the price of import and κ i ir the duty rate. Imports are computed by origins (MR irh ) with an another CES function:
where e h is the exchange rate and PX ih the price of exports. Figure 1 represents the structure of the production sector in the model. Production technologies are described through nested CES functions. At this stage, we distinguish three different types of representation depending on the characteristics of the sector: sectors including a fixed factor, industry of refined petroleum, other sectors.
Sectors including a fixed factor
Sectors including a fixed factor are the coal, crude oil and natural gas industries. The fixed factor represents the non renewable resources associated with each fossil fuel energy. For these sectors we suppose that the domestic production is realized with this fixed factor and the other standard inputs through a CES function. This specification allows us to take into account the existing resources and its dynamics and the low substitutability between these resources and other inputs. Domestic production (XPF ir ) is thus computed through the formula:
and is decomposed between fixed factor (FF ir ) and standard inputs consumption (X ir ) through a CES function:
and (X ir ) is equal to
where PDF ir is the price of domestic production for sectors 1,2,3, PF ir is the price of the fixed factor and PD ir the price of other inputs (i.e standard inputs).
Refined petroleum industry
Refined petroleum products are produced from the basic input, that is crude oil. The model takes into account this specificity with a CES function between crude oil and other inputs at the top level of the nested CES structure. Domestic production of petroleum products (XPP 4r ) is then equal to:
crude oil used by refined petroleum sector (IC 24r ) equal to:
and standard inputs consumption (X 4r ) equal to
where PDP 4r is the price of domestic production for refined petroleum products, PIC 24r is the price of crude oil and PD 4r the price of other inputs (i.e standard inputs).
Other sectors
For the other sectors domestic production (X ir ) is equal to
where PD ir is the price of domestic production.
Aggregated inputs
X ir is realized with four aggregated inputs: capital (K ir ), labor (L ir ), energy (E ir ), and material (MA ir ). Demand for these factors are then equal to:
where 
and demand for each fuel through another CES function:
2.6 Material consumption by sector Material consumption is allocated between two sub-aggregates, transport services (TR ir ) and other material inputs (OTR ir ):
which are then allocated between products according to two CES functions: 
Households behavior
Household's behavior consists in three interdependent decisions: (1) labor supply; (2) savings; and (3) consumption of the various goods and services. In GEMINI-E3, we suppose that both labor supply and the rate of savings are exogenous. Demand in the different commodities has prices of consumption and income (more precisely "spent" income, income after savings) as arguments and is derived from an utility function whose specifications, as in most CGE models, are a Stone-Geary (1983) or linear expenditure system (LES):
where φ ir represents the minimum necessary purchase of good i, and β ir corresponds to the marginal budget share of good i. Maximization under budget constraint where HCT r represents the total expenditure for households consumption, and where PC ir is the price of consumption, gives the demand function:
Government consumption
Total government consumption (GCT r ) is exogenous and its evolution over time, determined in the calibration of the model, is driven by the growth rates of the main aggregates of the economy. The model splits total consumption between goods (GC ir ) on the basis of budget shares β g ir :
Investment
Investment by product (IV ir ) is derived from investment by sector (I kr ) through a transfer matrix ikr :
Exports
In GEMINI-E3 as in any world CGE model, there is no function of exports. For each country/region and each good, the exports (EX ir ) are the sum of demands by all other countries/regions that are endogenously determined in the model:
2.8 The price system
The relations determining the prices of composite goods (PY ir ), of domestic production (PD ir , PDF ir , PDP ir ), of energy (PE ir ), of fossil fuel (PEF ir ), of material (PM ir ), of transport services (PTR ir ) and of other material inputs (POTR ir ) are derived from the production function, through its nested CES architecture:
The equations for base price (PB ir ) including tax on production, price of consumption (PC ir ), government consumption (PG ir ), intermediate consumption (PIC ir ), investment (PV ir ), labor (PL ir ), exports (PX ir ), and imports (PI ir ) are then:
where κ b ir is the tax rate on production, 
Capital accumulation
The stock of capital by sector (KC ir ) is determined by the classical accumulation formula, with gross investment as input and physical depreciation as output:
where δ ir is the rate of capital decay, investment by sector is determined from an "anticipated" capital demand:
where the anticipated capital (KA ir ) is equal to:
and where KO ir the optimal capital is computed through a CES function and anticipated values of prices (PDA ir , PVA ir ) and of domestic production (XA ir ):
with R r the interest rate and κ k ir is the tax rate on capital income. The demand for capital is computed through a CES function (see Eq. 11). The demand for capital (K ir ) is equal to supply (KC ir ) through the rental price of capital (PK ir ), see Eq. 56.
Government budget and Government surplus or deficit
The Government surplus or deficit is the difference between revenues accruing from taxation (direct and indirect, including social security contributions) and expenditures that are of two types: public consumption and transfers to households [mainly social benefits (SB r )]:
where κ r r represents the rate of direct taxation.
Households budget
Households' savings is determined by the product of income (net of direct taxes and other similar contributions) REV r and the rate of savings ζ r :
By difference, one obtains the aggregate households' consumption that is then allocated in the demand for the various commodities.
Carbon emissions
Carbon emissions by region are computed from energy consumption by the formula:
General equilibrium conditions
The equations below present the clearing market conditions for the various goods, factors of production and balancing conditions between investment and savings on the one hand, imports and exports on the other hand:
where LS r is the supply of labor by households (set exogenously).
where FS ir is the supply of fixed factor (fixed exogenously).
It is assumed that in the scenarios the government surplus or deficit remains the same as in the baseline scenario. ε r .
Of course if n − 1 trade balances are cleared the trade balance of region 28 is balanced.
where CO2Q r is the constraint for carbon emissions. General equilibrium relations also include balancing of operations for all agents but, due to the well-known Walras Law, all but one must be taken into account in the resolution of the model. Variables in brackets are those used in the computational algorithm and associated to the corresponding relation.
2.14 Non carbon greenhouse gas emissions
In the initial version of the model, only carbon dioxide emissions were taken into account. In the present version, and capitalizing from participation to the EMF Working Group 21 (Van Vuuren et al. 2006; Weyant et al. 2006; Scheehle and Kruger 2006; Delhotal et al. 2006; Schaefer et al. 2006; DeAngelo et al. 2006) , the model has been updated in order to fully integrate all GHG emissions. 5 For non CO 2 greenhouse gases data on emissions and abatement costs come from the U.S. Environmental Protection Agency (2006). We take into account all the direct GHGs covered by the United Nations Framework Convention on Climate Change: methane, nitrous oxide, and the high global warming potential (GWP) gases. Emissions of non carbon greenhouse emissions are converted to a CO 2 -equivalent basis using the 100-year GWPs defined by the Intergovernmental Panel on Climate Change (Houghton et al. 1997 ). U.S. Environmental Protection Agency estimates that world GHG emissions in 2000 were 41 382 millions metric ton of CO 2 equivalents. Figure 2 shows the contribution of non carbon greenhouse gas emissions. They represent 23% of global greenhouse gas emissions, methane accounts for 15%, nitrous oxide for 8% and high global warming potential gases for 1%.
Methane
The model takes into account 13 sources of CH 4 emissions. The emissions of each source are linked to an activity level (or an economic driver) the coefficient of which is calibrated on the baseline scenario: where ED lr is the economic driver, υ lr a coefficient representing the amount of source l emitted by the economic driver and θ lr an exogenous technical progress on the coefficient υ lr . The Table 3 shows the correspondence between the sources and the sectors/products in GEMINI-E3, the variable of the model representing the economic driver, and whether an abatement curve (MAC) is available for this source. 
Nitrous oxide
For N 2 0 emissions we adopt the same formulation and the Table 4 gives the economic driver for the ten sources of emission.
High global warming potential gases
High global warming potential gas emissions result from the use of substitutes for ozone-depleting substances, from the production of magnesium, aluminum, semiconductors, flat panel display, HCFC-22, electrical equipment and from the use of electrical equipment. GEMINI-E3 distinguishes 11 types of fluorinated gases, they are presented in Table 5 .
Curve of abatement
Abatement is computed on the basis of the EMF21 abatement curves (Delhotal et al. 2006; Schaefer et al. 2006; DeAngelo et al. 2006 ) updated in United States Environmental Protection Agency (2006) . In this report marginal abatement cost curves for each region and sector are constructed by estimating the carbon price at which the present value benefits and costs for each mitigation option equilibrate. The methodology produces a stepwise curve, where each point reflects the average price and reduction potential if a mitigation technology were applied across the sector within a given region. These curves have the generic form described in Fig. 3 . We can then compute the level of emissions on the basis of a CO 2 tax: Percentage of abatement Carbon tax in US $ 
Cost of abatement
The cost of abatement is equal to: In order to avoid non-constant returns to scale in production functions, we suppose that the operational cost of abatement is borne by the government and consists in government consumption.
Government consumption is then the sum of two terms (see Eq. 64): a "final" good, which is representative of various services for the economy and in particular for households; an "intermediate" good which is the abatement cost and is equal to
This distinction is important for GEMINI-E3 because, in order to get relevant yearly measures of welfare cost, we implement the climate change scenarios at constant final demand except, obviously, households' final consumption and imports, and in particular at constant government "final" consumption and constant total investment 6 ).
Taxation of non carbon greenhouse gases
Levies on non carbon greenhouse gases are incorporated into the price system: the model computes for all economic drivers the equivalent tax rates on base prices associated to these levies, according to the formula:
We then replace the base price equation (38) by:
we must now integrate tax revenues coming from non-carbon greenhouse gas emissions in the government budget and replace Eq. 50 by:
finally we modify the equilibrium condition (Eq. 60):
where GHGQ r is the constraint on GHG emissions.
Calibration and data
The building and the calibration of a CGE model rest on economic and energy data that are usually contained in comprehensive databases, specifically established for this purpose. The present version of GEMINI-E3 is built on GTAP-6 (Dimaranan 2006), a database that accommodates a consistent representation of energy markets in physical units as well as detailed socio-accounting matrices (SAM) (Reinert and Roland-Holst 1997) The default values for elasticity parameters are reported in Table 6 .
Cost of pollution abatement: measurement and factors
The cost of abatement policies, in their various possible ways of implementation, is a key indicator of the efficiency of climate change policies . Effectively, when there exists a perfect substitute to the polluting good, or a de-polluting device, the additional cost of the good or of the device measures the welfare cost of abatement. In the case of the greenhouse effect, this is rarely possible, and the bulk of abatement results from the reduction of consumption of GHG emitting goods and their replacement by other factors or less emitting goods, through taxation and changes in relative prices. Measuring welfare cost is then more complex, and in particular macro-economic aggregates such 
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Mineral Products as GDP or households' final consumption are not relevant indicators because they are calculated at constant prices, and thus ignore the welfare effects of a change in the structure of prices. The only consistent measure of welfare cost is households' surplus, which can be based either on the compensative variation of income (CVI) or on the equivalent variation of income (EVI). Though theoretically slightly different, they yield very close results as the change in the structure of prices is of a limited magnitude, and energy is a small share in average production cost of the economy and in households' budget. Deriving demand by households from a utility function then allows to have a direct economic measure of the welfare cost of abatement policies. Households' surplus may be directly reckoned from the numerical results of scenarios, for every year and every country/region, and they can be aggregated in various ways: either weighted by exchange rates and summed for a given year or period; or discounted through interest rates for a given country and then measuring the total discounted cost of the abatement policy. For a given period, households' surplus is representative of the total welfare gain if the other elements of final demand (except exports) are held constant. This is the case of the final demand of government, which is exogenous in the model as in most general equilibrium models. Concerning productive investment, which is endogenous in the model and is sensitive to changes in relative prices (and in particular to the change in the relative price of consumption and capital goods), surpluses calculated annually are representative of welfare cost if its total investment 7 is constrained to be constant in the scenario. That is why such a constraint has effectively been retained in the model.
Measuring surplus
The economic cost of energy and environment policies can be measured comprehensively by changes in households' welfare since final demand of other 7 But not of course, as noted before, its allocation between sectors.
institutional sectors is supposed unchanged in scenarios. Measurement of this welfare change can be represented by the sum of the change in income and the CVI associated to the change in prices, according to the classical formula. In the case of a Stone-Geary utility function, the compensative variation for a change from an initial situation defined by the price system (PC ir ) to a final situation (PC ir ) is such that:
The households' surplus is then:
Decomposition of surplus
In a closed economy, households' surplus reflects the pure substitution effect of taxation, i.e. the deadweight loss of taxation (DWL) . In an open economy, income effects are added to the pure substitution effect, and they are channeled through the change in the relative prices of foreign trade. Corresponding gains or losses from "terms of trade", as they are known in the specialized literature, may be an important and in some cases a dominant part of the total welfare gain or loss for a given country (though of course, they represent transfers and consolidate at the world level). CVI and Terms of Trade (G r ) can be reckoned directly from the numerical results of the model. DWL is then obtained by subtracting the latter to the former, according to the following "Welfare Cost Algebra":
Marginal abatement cost
Definition of the marginal abatement cost may appear obvious, but its precise determination is more complex. According to the theoretical analysis, what is relevant for exchange in a market of tradable permits is the marginal abatement cost defined as the welfare loss at constant prices of foreign trade. On the other hand, this welfare loss is to be deflated by the social value of goods, since the permits is exchanged against tradable goods. Social values of goods differ from market prices of a quantity that is equal to marginal cost of public funds (MCPF r ). Calculating marginal abatement cost at constant prices of foreign trade would normally require to operate separately for each country and for each period. However, it is possible to operate globally, and to eliminate the effects of change in the relative price of foreign trade by subtracting to marginal surplus the marginal gain or loss from terms of trade. In other terms, the marginal abatement cost is equal to the marginal deadweight loss of taxation deflated by MCPF r :
where A r represents the abatement in carbon.
As an example, we give the figures obtained for the year 2010 with the previous version of GEMINI-E3 that compares taxes and marginal abatement costs (see Figs. 5, 6 ). The major result is that for all four countries/regions considered the curve of marginal cost is above the curve of carbon price, with a distance that is relatively more important for France and Japan than for other European countries and the United States. A second observation is that, for high levels of abatement, the relative gap between the two curves tends to decrease. It may happen that the curve of marginal cost be situated below the curve of carbon price, which means in particular that the marginal abatement cost is negative (at least in the first stages of carbon abatement) then exhibiting a "doubledividend" phenomenon. The circumstances leading to a double-dividend are several, and there is in the literature a real competition for producing new cases. Two appear the most important and plausible: energy subsidization; distortions in markets and "rationing" due to price rigidity. Energy subsidization is clearly the situation prevailing in Russia and other ex-FSU countries, and results obtained with the model effectively show that, contrary to other Annex B countries, the curve of MAC is below the curve of carbon price. But as it appears in the Fig. 7 , the gap is fairly small, and this may be explained by the low reliability of the statistical system, particularly concerning fiscal data.
The new version GEMINI-EMU incorporating the single currency mechanisms
In their vast majority-not to say their totality-world CGE models ignore the existence of monetary unions and in particular the most important one, the European Monetary Union, established by the Maastricht Treaty and operative since January 1999 when the Euro was introduced. It is acknowledged that the existence of a monetary union affects trade, financial markets, macroeconomic policy making and Europe's economic performance and an important and growing literature is devoted to their appraisal, and in particular to the EMU. 8 Representing the mechanisms and the constraints of a monetary union is not a simple task because by definition they are of "monetary" form and CGE models are essentially in real terms. The challenge is then to formulate-or "translate"-in real terms the monetary mechanisms of the EMU. The most prominent effect of the monetary union and of the use of a single currency across the EMU zone is of course the swing from a system of flexible exchanges rates to a system of fixed exchange rates. This is obvious in monetary terms but has to be transposed in real terms. Changes are also to be considered in the allocation of savings among member countries through the mobility of financial capital. And, at last, the constraints of the Euro become really binding at the macroeconomic level when flexibility in other markets-the labor market in particular-is not warranted.
A previous paper in French gives a comprehensive description of the new version of the model, and presents a large set of simulations related to the implementation of a "social VAT" in France (Bernard and Vielle 2006) . A following paper in English focuses on similar policies possibly implemented in two other countries belonging to the EMU, Germany and Italy, according to the economic programs of the new Governments in charge and the declarations of their leaders. The presentation below of the structure and characteristics of GEMINI-EMU is taken from this paper.
Exchange rates
The underlying idea is to select a numéraire, i.e. a basket of goods, representing the Euro currency. More precisely, what is to be formulated is that the price of this numéraire remains constant across the member countries. The real exchange rates between them, calculated with this numéraire, are then fixed.
An obvious candidate for such a numéraire is a "common good" for these countries and it is then to be related to trade between them. The structure of intra-EMU foreign trade varies from one country to the other, and their average-weighted by the share of each country in trade-appears to be a relevant choice, which has been retained.
The exchange rate of the EMU with respect to other countries and regions is still considered as flexible, with the same balancing mechanism as mentioned above, under the constraint that total EMU foreign trade is balanced (or kept to a constant real deficit). Then, with a mechanism ensuring that total EMU foreign deficit is held constant, deficits or surpluses of member countries may diverge and can only be contained through the use of domestic macroeconomic and fiscal policies. But any decrease of deficit in one country has for counterpart an increase in at least one of the other member countries. There is, thus, spill-over effects between member countries channeled through the fixed exchange rates.
Mobility of capital
But beside stabilizing real exchange rates, the European Monetary Union unifies the money market and correlatively the financial markets. In real terms, this means that savings can be transferred from one country to the other without constraint, according to the expected profitability. In such an assumption of "perfect mobility of capital", equilibrium is reached when profitability is the same, i.e. when real interest rates (and costs of capital for the firms) are also equalized.
Perfect mobility of capital means that the market for commodities, at the aggregate level, is also unified with a single balancing constraint between investment and savings. In other terms, any demand for goods (investment goods in particular) that cannot be met in the domestic market is satisfied by imports from other EMU countries. Beside trade based on the above-described mechanism of imperfect competition a competitive trade but for a single commodity, obviously the Euro-numéraire, must be taken into account.
The assumption of perfect mobility has also dramatic consequences on EMU-economies, with strong spill-over effects in particular in the case of a decrease of public deficit in a member country. Such a move-resulting either from a tax increase or a decrease of public consumption, leaves room for additional savings but the latter is shared between all member countries. The counterpart is an increase of trade surplus in the considered country and a decrease in other member countries.
Stability of real exchange rates and perfect mobility of capital set up for EMU member countries a totally different economic stage with strong spillover effects. Efficiency of macroeconomic-and in particular fiscal-policies cannot anymore be assessed with the same standards than in the case of flexible exchange rates and imperfect mobility of capital, which in some way insulates the domestic economy from the world environment, with re-equilibrating and compensating mechanisms through the change in the terms of trade.
Spill-over effects imply that uncoordinated macroeconomic policies in member countries can lead to inefficient equilibria, because no country has an incentive to take them into account. This is not a new idea: as early as in the beginning of the sixties, Richard Mundell warned on the effects of uncoordinated domestic macroeconomic policies within a monetary union and stressed the need for fiscal cooperation, if not harmonization. The various simulations performed with the model, and the results presented in the next section, highlight these two statements.
Balancing in the labor market
Most-if not all-CGE models assume competitive equilibria in all domestic markets, including the labor market. The reason is that these models, in particular when applied to energy and environment issues, focus on the medium to long run effects, and such an assumption may be considered as likely for such an horizon (at least for developed countries), or at least a standard or a benchmark.
When applied to macroeconomic and fiscal policy, or to sectoral issues on a short to medium run, the representation of the labor market has to be consistent with what is observed, i.e. a persistent unemployment. This is the case of European countries, and particularly member countries of EMU. The main three of them, Germany, France and Italy, have unemployment rates of over or close to 10%. Unemployment has several origins and a comprehensive survey should analyze and measure the importance of each of them. In the framework of a simulation model, we have to consider the one which appears the most important, and the most difficult to alleviate. Beside structural and frictional unemployments, the modern economic theory distinguishes two types, Keynesian unemployment is the result of unbalance in the markets of goods (at least one of them), due to the stickiness of prices. Classical unemployment is the unbalance in the labor market, due to the stickiness of wages. Formation of wages, obeying to some indexation mechanism rather than the correction of the gap between supply and demand of labor, results in a situation of rationing of the former by the latter. If Keynesian unemployment is likely in a closed economy, it is not credible in an open economy and world markets. Demand for goods is "unlimited", and what limits the supply by firms is their competitiveness, i.e. the level of output that is profitable at the given market prices. And this is the representation retained in the model.
Under such a representation, an important assumption is linked to the indexation mechanism of wages. Several indexes may be and will be considered in the analysis, the money, the price of GDP and the price of consumption. Monetary indexation means that wages in real money (the numéraire representing the Euro) are held constant. The two other rules index the wages on the numéraires representing the GDP or the households' final consumption. The latter is the consumer price index, as it can be measured in the model.
It is important to note that, as the model is applied only for simulation purposes, the indexation rules must be understood in "variation". Over time, and notably in the reference scenario, other mechanisms may or are effectively taken into account. What the above rules mean is that, when a given policy changes the price system, wages are supposed to be increased in the same proportion as the considered index.
Wages indexation plays an important role because it commands the competitiveness of the considered economy. For instance an increase of the VAT has very different effects with an indexation of wages on the CPI than with a nominal indexation (indexation on the GDP price being intermediate).
A modeling with three numéraires
A special feature of the model is the simultaneous use of three numéraires. The first one is purely "technical", and is only used to normalize the price system in each country, in each year. Prices of all goods are defined respectively to this numéraire, set equal to one (without loss of generality). Any good can be taken as numééraire, but it is convenient-and usual, particularly in the theory of taxation, to select labor. All prices are then deflated by wages (prices in "purchasing power" of labor). Price systems of each country in each year are connected together through the real exchange rates and the real interest rates.
The second numéraire represents the common currency of the EMU, i. e. the Euro, and is based on the average structure of the intra-EMU trade.
The third numéraire is the reference for wages indexation, either the previous one (nominal indexation) or one of the two price indexes, GDP implicit price or consumer price index (CPI). It can be noted that the selection of labor as "technical" numéraire does not prevent to impose a constraint on wages. Effectively the constraint is on wages deflated by the numéraire of indexation.
As wages are put equal to one, the constraint is effectively on the numéraire of indexation. This is how the model works, but it does not impose any undue constraint on the representation of the economy.
Conclusion
Computable General Equilibrium models have a main virtue, which is total consistency both at the domestic and at the world levels, and are then very demanding: any error or approximation is deadly because it is not possible to resolve a square model (same number of variables and equations) if the equations are not compatible.
But-and this is the lesson that can be drawn from our long experience with GEMINI-E3-CGE models are very flexible. First of all in their nomenclatures, with the obvious acknowledgment that a precise assessment of detailed policies may require to increase the number of sectors and/or countries/regions. In our case, we started with three countries/regions and eight sectors and now we are respectively at the figures of 28 and 18. This is also the case for the specification of the model and the economic mechanisms to be taken into account in order to simulate the effective conditions and working of each economy and the relations between them, through the various channels. Though the initial paradigm of CGE models was full flexibility in all markets, more and more either stickiness or unbalances-in the sense of rationing of demand by supply or vice versa-or institutional constraints-such as the existence of a monetary union-have to be coped with in order to obtain a relevant measure of the effects of contemplated policies. CGE models thus differ significantly from sectoral models because they take into account the indirect effects of policies, through the re-balancing of all markets-whether they are perfectly competitive or not-and the closing of the economic circuit.
These indirect effects are at the heart of what is known-and frequently evoked in the literature-under the term of "double-dividend". It is of course licit to assert that a given policy-and this is very usual in the case of climate change policies-has a double-dividend but we must explain what are precisely its source and consistence, and check that its sign is effectively positive, not negative. 
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